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Abstract. – Since the 1970s Ordovician carbonate rocks from Kazakhstan have provided well-preserved radiolarian fau-
nas and this country remains one of the most important areas in the world to learn about Lower Palaeozoic radiolarian
taxonomy and biostratigraphy. Here we describe a new lower Arenigian radiolarian assemblage and discuss all currently
available Ordovician radiolarian data from Kazakhstan. The newly discovered assemblage is curiously oligospecific, de-
spite its good state of preservation. Four morphospecies are recognised, including a new genus and two new species :
Inanihella bakanasensis (NAZAROV) and I.(?) akzhala n.sp, which characterise the assemblage, together with
Triplococcus acanthicus n.gen n.sp. and Proventocitum sp.cf. P. procerulum. This is the oldest radiolarian assemblage
from limestone lithologies of Kazakhstan and one of the very few Lower Ordovician assemblages discovered world-
wide. We specify in this study the age range of the succeeding Haplentactinia armillata-Proventocitum procerulum as-
semblage, defined earlier by Nazarov and Popov [1980], which now covers the middle Arenigian – lower Llanvirnian
(lower Abereiddian) interval. The succeeding upper Llanvirnian (Llandeilian) Haplentactinia juncta – Inanigutta unica
assemblage reported by Nazarov and Popov [1980] reflects a substantial increase in radiolarian diversity, due largely to
the introduction of new members of the family Inaniguttidae.
La biodiversité des radiolaires ordoviciens : regard à partir des données nouvelles et révisées
provenant du Kazakhstan
Mots clés. – Radiolaires, Ordovicien, Kazakhstan, Biodiversité
Résumé. – Les études taxinomiques et biostratigraphiques des Radiolaires de l’Ordovicien s’intègrent dans l’effort ac-
tuel de la communauté scientifique (PICG n
o
410) pour mieux comprendre un événement majeur de biodiversification
dans l’écosystème marin à cette époque. Notre contribution intéresse un matériel exceptionnellement bien préservé du
Kazakhstan. A l’occasion de l’étude d’un nouvel assemblage de Radiolaires et une révision des données stratigraphi-
ques pour les trois autres assemblages connus du Kazakhstan (figs. 1-4), étudiés préalablement par Nazarov et Popov
[1980], nous améliorons la biozonation de Nazarov et apportons des précisions supplémentaires sur la répartition strati-
graphique de certains taxa, relativement faciles à reconnaître et par conséquent de grande utilité pour dater des radiolari-
tes. Les changements fauniques à l’intérieur de ces assemblages se résument comme suit.
1) Le plus ancien échantillon à notre disposition est daté de l’Arénigien inférieur par des Conodontes (Oistodus
lanceolatus déterminée par T. Tolmacheva) et constitue le plus ancien niveau à radiolaires provenant du Kazakhstan. Ce
matériel nous permet d’établir un nouvel assemblage, caractérisé par une faible diversité, malgré son excellent état de
préservation. Quatre espèces seulement peuvent être recensées (figs. 5-6) : Inanihella bakanasensis (NAZAROV) et I.(?)
akzhala n.sp. : deux espèces relativement faciles à distinguer, qui caractérisent cet assemblage par leur abondance, ainsi
que Triplococcus acanthicus n.gen. n.sp. et Proventocitum sp.cf. P. procerulum NAZAROV. L’absence du genre Beothuka
– un nouveau genre récemment décrit du Trémadocien inférieur [Aitchison et al. 1998] – et des Inaniguttidae à six épi-
nes primaires (Inanigutta, Inanibigutta) est remarquable.
2) L’assemblage qui suit dans le temps correspond à celui définit par Nazarov comme Haplentactinia armillata –
Proventocitum procerulum [NAZAROV et ORMISTON, 1993]. A l’époque les niveaux d’où cet assemblage avait été récu-
péré étaient considérés d’âge Arénigien [Nazarov et Ormiston, 1993]. Néanmoins, suite à des révisions stratigraphiques
des géologues russes travaillant dans la région, l’âge de ces niveaux est actuellement considéré comme du Llanvirnien
basal [Apollonov et al., 1990]. Cet assemblage est marqué par une plus grande diversité que le précédent et dominé par
les espèces H. armillata et P. procerulum. L’assemblage est également caractérisé par l’apparition de formes énigmati-
ques, tel que Anacrusa myriacantha NAZAROV. Etant donné que les deux espèces caractérisant cet assemblage ont été
reconnues par Aitchison [1998] dans des niveaux du Complexe de Ballantrae (Ecosse), datés de l’Arénigien moyen,
l’intervalle de temps couvert par cet assemblage est provisoirement considéré comme allant de l’Arénigien moyen au
Llanvirnien basal.
3) L’assemblage Haplentactinia juncta - Inanigutta unica qui suit, d’âge llandeilien (Llanvirnien supérieur), enre-
gistre une impressionnante augmentation de la diversité des radiolaires. Dans le détail celle-ci est mieux illustrée par
l’importante diversité de la famille des Inaniguttidae, dont la présence est dominante au sein de cet assemblage, avec
plus de quinze espèces appartenant aux genres Inanigutta, Inanibigutta et Oriundogutta.
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Il est également intéressant de noter que des morphotypes appartenant au genre Protoceratoikiscum n’avaient pas
été observés par Nazarov et Popov [1980] dans le matériel carbonaté du Kazakhstan. Nous avons pu en fait confirmer
cette absence, nous même, sur du matériel topotypique qui se trouve à notre disposition. Or, ce genre est présent en rela-
tive abondance dans des radiolarites de l’Ecosse, corrélables avec l’assemblage H. juncta - I. unica. S’agit-il d’une pré-
férence paléoécologique particulière, ayant une signification soit bathymétrique (habitat profond dans la colonne d’eau),
soit paléobiogéographique (préférence des masses d’eaux franchement océaniques) ? Il est à noter que ce genre est ac-
tuellement connu surtout dans des faciès relativement profonds : soit des jaspes-radiolarites de l’Ordovicien moyen
(Ecosse [Danelian et Floyd 2001] Chine [Li 1995]), soit des pélites/argilites riches en matière organique de l’Ordovi-
cien supérieur [Goto et al., 1992]. En outre, Renz [1990] a trouvé de rares exemplaires de ce genre dans des nodules cal-
caires noirs provenant des calcaires argileux en plaquettes du Caradocien des Etats-Unis, dont la profondeur de dépôt
est difficile à estimer. Enfin, notons également l’exclusion mutuelle de ce genre avec les Anakrusidae Nazarov, 1975,
microfossiles siliceux que nous interprétons ici comme appartenant à des éponges.
INTRODUCTION
Taxonomic and biostratigraphic studies on Ordovician
Radiolaria are part of the current effort being made by the
scientific community to better understand the “Great Ordo-
vician Biodiversification Event” (IGCP Project n
o
410).
This significant step in the evolutionary history of the ma-
rine biosphere gave birth to the “Palaeozoic Evolutionary
Fauna” [sensu Sepkoski, 1990]. Indeed, the Ordovician is
characterised by a steep and sustained increase in marine
biodiversity. The number of known families tripled and
number of genera quadrupled, reaching a plateau during the
Middle Ordovician, which remained more or less constant
until the end of the Palaeozoic. Curiously, there is no obvi-
ous environmental trigger for this bioevent. New and/or re-
vised data are essential for our understanding of the pattern
in diversity changes and the ecological-evolutionary path-
ways which led to diversity increase.
As a group of heterotrophic and silica-secreting
protists, Radiolaria are one of the few proxies available to
gauge the health and evolutionary innovations of the plank-
ton in the early Palaeozoic pelagic ecosystem. At this stage,
the data on which our current knowledge of Ordovician
Radiolarian diversity is based are very fragmentary and dif-
ficult to retrieve from the Russian litterature. Moreover, our
understanding of the taxonomy of Lower Palaeozoic
Radiolaria is inadequate. Important morphological groups,
such as the dominant Ordovician radiolarian family
Inaniguttidae, are in need of profound revision [see discus-
sion in Noble and Aitchison, 1995]. Gaps in taxonomic
knowledge and understanding of phylogenetic relationships
are mainly due to the difficulties in observing the internal
structures of the skeleton. The interior of spherical forms is
often filled with secondary minerals or the delicate internal
structures are missing.
There are also major gaps in the knowledge required to
establish a comprehensive Ordovician radiolarian bio-
zonation. Two attempts have been made so far towards this
direction.
(1) Based essentially on radiolarians extracted from sili-
ceous carbonates of Kazakhstan, dated independently by
macro- and micro-fossils (brachiopods, conodonts, etc.),
Nazarov recognised three distinct long-ranging Ordovician
radiolarian assemblages [Nazarov, 1975, 1988 ; Nazarov
and Popov, 1980 ; Nazarov and Ormiston, 1993].
(2) Recognising the biostratigraphic potential of
Radiolaria to shed light on the geological evolution of early
Palaeozoic mountain belts, Noble and Aitchison [2000]
have recently suggested a new composite biostratigraphic
scheme, stressing the currently known age ranges of some
biochronologically important taxa (genera and species),
which can be easily identified even in poorly preserved ma-
terial.
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Boundary of major tectonic units
FIG. 1. – Schematic map of central Kazakhstan indicating (a) the position
of main fossil localities with Ordovician radiolarians yielded from carbo-
nate rocks and (b) the boundaries of selected tectonic units [mainly after
Apollonov, 2000 and Holmer et al., 2001] : 1, Dzhalair-Naiman Fault ; 2,
Chu-Ili terrane ; 3, Burultas or Buruntau terrane (accretionary subduction
complex) ; 4, Atasu-Zhamshy terrane (Dzhungaro-Balkhash microconti-
nent after Apollonov [2000], p. 59) ; 5-6, fragments of the early Palaeo-
zoic island arcs of Chingiz and Tarbagatai Ranges.
FIG. 1. – Carte schématique du Kazakhstan central indiquant (a) la
position des principales localités fossilifères à radiolaires ordoviciens ex-
traits des roches carbonatées et (b) les limites de certaines unités tectoni-
ques sélectionnées [essentiellement d’après Apollonov, 2000 et Holmer et
al., 2001] : 1 : faille de Dzhalair-Naiman ; 2 : « Chu-Ili terrane » ; 3 :
« Burultas ou Buruntau terrane » (prisme d’accrétion) ; 4 : « Ata-
su-Zhamshy terrane » (microcontinent de Dzhungaro-Balkhash d’après
Apollonov [2000] p. 59) ; 5-6 : fragments des arcs insulaires paléozoïques
inférieurs de « Chingiz et Tarbagatai Ranges ».
The radiolarian material from Ordovician strata of
Kazakhstan is limited to a few localities dispersed around
lake Balkash (fig. 1) which were studied during the seven-
ties and published in a number of important works [Nazarov
1975 ; Nazarov and Popov, 1980]. The importance of the
radiolarian material from Kazakhstan lies with the carbon-
ate nature of the rocks yielding the fauna, which allowed an
excellent state of preservation and the possibility to find
other co-occurring index fossils.
The present paper aims to describe an entirely new as-
semblage yielded from a lower Arenig sample (8807-A),
which partly fills the important gap we still have in the
knowledge of Lower Ordovician Radiolaria. Following a re-
vision of the stratigraphic data constraining the age range of
the remaining three radiolar ian assemblages from
Kazakhstan (all reported by Nazarov and Popov [1980] and
yielded by carbonate rocks ; Samples F-1036, 19 and
553-A) we synthesise the current Ordovician radiolarian




The palaeogeography of Lower Palaeozoic sedimentary se-
quences cropping out in Kazakhstan is still poorly under-
stood. Ordovician global palaeogeographic reconstructions
represent Kazakhstan as a relatively large distinct continent
[i.e. Scotese and Mc Kerrow, 1991]. Recent studies, how-
ever, have established that much of the Lower Palaeozoic of
Kazakhstan is an amalgamation of a number of small
microplates and intraoceanic island arcs, which were spread
across a vast oceanic space between Baltica and eastern
Gondwana [Popov et al., 1997 ; Apollonov, 2000 ; Holmer
et al., 2001]. Significant amounts of the oceanic lithosphere
separating these terranes was subducted along their active
margins as their surrounding continents moved closer to-
wards the end of the Ordovician. However, our knowledge
does not yet allow for a comprehensive understanding of the
early Palaeozoic accretionary history of the Kazakhstanian
orogen.
Early Palaeozoic ophiolite assemblages incorporated
into the accretionary wedges of Kazakhstanian terranes con-
tain sequences of ribbon-bedded radiolarian cherts
[Nazarov, 1975 ; Popov and Tolmacheva, 1995 ; Apollonov,
2000], which provide evidence of extensive accumulation of
pelagic biogenic sediments in the surrounding equatorial
ocean [Tolmacheva et al., 2001]. Nevertheless, nearly all
well documented Ordovician radiolarian assemblages re-
ported from Kazakhstan are confined to carbonate deposits
containing benthic faunas of Benthic Assemblage zones 4-6
[sensu Boucot, 1975]. In the following paragraphs we dis-
cuss both old and new localities of Ordovician carbonate
outcrops from Kazakhstan containing well preserved
radiolarian assemblages. All samples were processed with
10 % acetic acid and are all independently dated by co-oc-
curring macro and micro-fossils (i.e. brachiopods, cono-
donts, etc.). All localities (new and old) are situated within
three different tectono-stratigraphic units (fig. 1), which are
briefly discussed further below.
Chu-Ili range and West Balkhash Region
This region of South-Central Kazakhstan constitutes a small
Ordovician crustal terrane, known as the Chu-Ili terrane
[Popov et al., 1997 ; Holmer et al., 2001]. Two radiolarian
localities (8807-A and F-1036 ; fig. 1) are situated along the
southwestern margin of this terrane, adjacent to the Dzhalair-
Naiman fault which runs along an early Palaeozoic suture.
Sample 8807-A comes from a new, as yet undescribed local-
ity in the Akzhal mountains, situated in the southern
Betpak-Dala desert (figs. 1-2 ; 44
o
45’ 00” N, 73
o
13’ 19”
E). Nedavizin [1961], who provided a geological outline of
the area, argued that the Akzhal Formation rests unconform-
ably on the Dzhambul Formation, a passive margin se-
quence of the Chu-Ili microplate, composed essentially of
graded sandstones and siltstones, presumably of Upper
Cambrian to Lower Ordovician age. However, it was subse-
quently established that the Akzhal Formation limestones
are allochthonous and thrust onto the Dzhambul Formation
(Alperovich and Vinogradova, pers. commun. 2002). Spo-
radic occurrence of the brachiopod genus Paterula in the
latter formation [Kichman et al., 1980] suggests that it is
not older than Arenigian, at least as far the upper part of the
Dzhambul Formation is concerned [Holmer and Popov,
2000].
Radiolarians were yielded from a siliceous limestone
bed intercalated within calcareous turbidites of the Lower
Ordovician (Arenigian) Akzhal Formation. The best out-
crops of this formation are situated along a low ridge
formed on the southern bank of a valley of Sarybulak river,
in the northeastern part of Akzhal mountains (fig. 2). The
sedimentary rocks here consist of strongly disrupted graded
and laminated dark grey limestones. The sedimentary se-
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FIG. 2. – Schematic geological map of Akzhal Mountains [after Nedavizin,
1961, modified], including the two currently known fossil-bearing locali-
ties (samples 8807-A and 2068 ; see text for discussion).
FIG. 2. – Carte schématique des montagnes d’Akzhal [d’après Nedavizin,
1961, modifiée], contenant les deux localités fossilifères connues actuelle-
ment (échantillons 8807-A et 2068 ; voir texte pour plus d’explications).
quence that crops out at locality 8807-A is approximately
20 meters thick and composed mainly of carbonate
turbidites with intercalations of calcareous mudstone, repre-
senting hemipelagic deposits at the top of Bouma se-
quences. It is likely they accumulated within a relatively
deep-water carbonate submarine fan starved from any
siliciclastic input, possibly along the slope of a carbonate
platform situated on an isolated tropical seamount. They
were subsequently obducted over the margin of Chu-Ili
microplate during the latest Ordovician-early Silurian
collisional event.
Rare organophosphatic brachiopods and the age-dia-
gnostic conodont species Oistodus lanceolatus PANDER
(identification by T. Tolmacheva) were found in association
with the radiolarian-bearing bed and indicate lower Areni-
gian (Moridunian) affinity. Consequently, sample 8807-A
represents the oldest known radiolarian-bearing limestone
level in Kazakhstan (fig. 3). It is noteworthy that the Akzhal
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FIG. 3. – Simplified stratigraphic columns of Ordovician carbonate sequences in Kazakhstan. Included are the stratigraphic position of radiolarian-bearing
samples and the distribution of selected graptolite, conodont, brachiopod and trilobite species.
FIG. 3. – Logs stratigraphiques simplifiés des séries carbonatées ordoviciennes du Kazakhstan. A noter la position stratigraphique des échantillons conte-
nant des radiolaires et la distribution stratigraphique de certaines espèces sélectionnées de graptolites, conodontes, brachiopodes et trilobites.
Formation limestones are mostly unfossiliferous and that
the only other fossil-bearing locality crops out in the central





11’ 40” E). Following the initial report of this lo-
cality by Nedavizin [1961] a trilobite fauna was identified
by Apollonov and assigned to the upper Arenigian or lower
Llanvirnian [Nikitin et al., 1980].
Radiolarians from Sample F-1036 were studied by Nazarov
and Popov [1980]. The outcrop from which this sample was
collected is situated near the Oisu Spring in Dulankara
mountains, Chu-Ili range (fig. 1 ; 43
o
45’ 10” N, 75
o
19’ 03”
E). A detailed outline of the Ordovician and Silurian geol-
ogy and stratigraphy of the area was provided by Apollonov
et al. [1980, Fig. 3 and 7, p. 11-13]. The radiolarian assem-
blage described by Nazarov and Popov [1980] was recov-
ered here from a 15 m thick interval of calcareous turbidites
intercalated with thin, black to dark grey, pelagic argillaceous
limestones containing graptolites. The radiolarian-bearing
sample comes from the uppermost part of the Chokpar For-
mation, a 150 m thick sedimentary sequence consisting es-
sentially of black graptolitic shales (fig. 3). Graptolites
associated with the radiolarian assemblage suggest assign-
ment to the uppermost Climacograptus supernus Biozone
[middle Ashgillian ; Apollonov et al., 1980, text-fig. 7,
sample F-1039].
North-Balkhash Region
The radiolarian-bearing Sample 19 comes from a locality
situated about 4 km southeast of Sarykum railway station,





11’ 40” E). This locality, situated north of lake
Balkhash, is confined to the area of extensive Middle Ordo-
vician carbonate accumulation within the Atasu – Zhamshy
terrane, as defined by Apollonov et al. [1990] and Holmer
et al. [2001].
The uppermost Cambrian and Lower Ordovician depos-
its in the area are represented by the Zhamshy Formation,
which is composed of an 80 m-thick sequence of black bed-
ded limestones alternating with cherts and the Chazhagai
Formation, composed of a 200-250 m-thick sequence of
black to dark grey radiolarian cherts and siliceous argillites
(fig. 3). The Zhamshy Formation contains conodonts rang-
ing from the Upper Cambrian Eoconodontus notchpeakensis
biozone to the lowermost Ordovician Cordylodus lindstromi
biozone, whereas abundant conodonts from the Chazhagai
Formation provide evidence for the presence of the Lower
Ordovician (middle Tremadocian - middle Arenigian)
Drepanoistodus deltifer - Oepikodus evae biozones
[Apollonov et al., 1990 ; Dubinina, 2000]. The overlying
Kurchilik Formation (Kyzylzhar Formation of Nazarov and
Popov [1980]) is composed of two informal members. The
lower one comprises a 250-300 m-thick sequence of bedded
argillaceous limestones, including calcarenites towards the
top, while the upper member consists of 80-200 meters of
carbonate rocks of variable lithology, including olistoliths
of algal limestone up to 2 m wide.
The radiolarian-bearing Sample 19 comes from the bed-
ded argillaceous limestones situated at the lower part of the
Kurchilik Formation [Apollonov et al., 1990, figs 3-4 ;
Dubinina, 2000, text-fig. 11]. Radiolarians co-occur with
abundant hexactinellid sponge spicules, conodonts,
trilobites, rhynchonelliformean brachiopods and a diverse
assemblage of organophosphatic brachiopods [Nazarov and
Popov, 1980]. The fauna allowed Nazarov and Popov
[1980] to recognise the Haplentactinia armillata –
Proventocitum procerulum radiolarian assemblage, at a time
when the radiolarian-bearing strata were considered to be
Upper Arenigian. However, following the more recent study
provided by Apollonov et al. [1990] the Ordovician stratig-
raphy of the area underwent substantial revision. As a con-
sequence, the radiolarian assemblage yielded by Sample 19
should be now considered as lower Llanvirnian (lower
Abereiddian).
Chingiz Range
During the Ordovician, this area was part of a volcanic is-
land arc [Zonenshain et al . , 1990 ; Popov, 2000 ;
Apollonov, 2000]. Radiolarians of the Haplentactinia
juncta – Inanigutta unica assemblage were recovered from
locality 553-A (fig. 1 ; 49
o
36’ 14” N, 78
o
32’ 04” E), from
the upper part of a dark grey argillaceous limestone bed sit-
uated at the top of a carbonate unit (fig. 3) [Nazarov, 1975 ;
Nazarov and Popov, 1980]. The radiolarian-bearing bed is
part of the lower part of the Bestamak Formation and it is
exposed on the east side of the Chagan River, near the
mouth of the Sargaldak river, about 100 m south-east of the
Konur-Aulie cave. Radiolarians occur together with a di-
verse Llandeilian to lower Caradocian trilobite and
organophosphatic brachiopod assemblage [see Nazarov and
Popov, 1980, p. 9-11 for details], as well as abundant
hexactinellid sponge spicules. The radiolarian bearing car-
bonate unit is overlain in this section by a bed of black shale
with graptolites of the Nemagraptus gracilis biozone. This
suggests that the radiolarian assemblage should be re-
stricted to the Llandeilian (upper Llanvirnian).
ORDOVICIAN RADIOLARIAN ASSEMBLAGES
FROM KAZAKHSTAN
The Lower and Middle Ordovician radiolarian assemblages
of Kazakhstan (fig. 4) constitute the only available data of
the scientific community on radiolarian biodiversity during
the early Arenig, as well as early and late Llanvirn time in-
tervals [see Noble and Danelian, 2003].
The new lower Arenigian radiolarian assemblage is cu-
riously oligospecific, despite its very good state of preser-
vation. Only four morphospecies can be recognized
( fig . 5) : Inanihe l la bakanasens is (NAZAROV) and
Inanihella (?) akzhala n.sp., which characterise the assem-
blage by their distinctive appearance and abundance, to-
gether with Triplococcus akanthicus n.gen n.sp. and
Proventocitum sp.cf. P. procerulum. The absence from this
lower Arenigian assemblage of Kazakhstan of some easily
ident i fiable taxa, such as Beothuka and six-rayed
inaniguttids (i.e. Inanigutta, Inanibigutta) is noteworthy.
Aitchison et al. [1998] illustrated some lower Tremadocian
six-rayed inaniguttids, yielded from Newfoundland in asso-
ciation with their newly described genus Beothuka. How-
ever, as there is no information available regarding the
internal structure of these forms, their phylogenetic rela-
tionship to the Middle Ordovician six-rayed inaniguttids is
currently unknown.
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In the succeeding Haplentactinia armillata - Proventocitum
procerulum radiolarian assemblage, which was recovered
from the lowermost Llanvirnian (lower Abereiddian) strata
of the Kurchilik Formation (Atasu-Zhamshy terrane, fig. 3),
inaniguttids are more diverse than in the lower Arenigian
assemblage. An easily recognisable but enigmatic form,
such as Anacrusa myriacantha NAZAROV, appears for the
first time in this assemblage. We here interprete it as a sili-
ceous sponge skeletal element, based on its morphological
resemblance with modern demosponge sterrasters [see
Figs. 16-23 of Hartman, 1981]. As the two index species
characterising this assemblage (H. armillata and P.
procerulum) were found by Aitchison [1998] in middle
Arenigian strata of the Ballantrae Complex in Scotland, the
H. armillata - P. procerulum assemblage is tentatively con-
sidered to cover the middle Arenigian to lower Llanvirnian
(lower Abereiddian) interval.
The upper Llanvirnian (Llandeilian) Haplentactinia
juncta - Inanigutta unica radiolarian assemblage from the
Bestamak Formation of the Chingiz Range displays an out-
standing increase in species diversity, as compared to the
two older assemblages. Inaniguttid genera Inanigutta,
Inanibigutta and Oriundogutta form the core of the assem-
blage, with over fifteen species. Pylomate sphaerellarians
(i.e. Cessipylorum) and Haplentactiniids (i.e. Haplentactinia
and Syntagentactinia), as well as possible Collodarian
radiolarians (Bissylentactinia) first occur in this assem-
blage. Present, but relatively rare, are also Anakrusa or
Auliela type sponge skeletal elements.
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FIG. 4. – Age range synthesis of main Ordovician radiolarian assemblages and genera known from Kazakhstan, with some complementary data from Sco-
tland [Aitchison, 1998]. Ordovician chronostratigraphy following the scheme adopted by the International Stratigraphic Commission, correlated with sub-
divisions proposed for the British Isles [after Paris and Servais, 2000].
FIG. 4. – Tableau stratigraphique synthétique des principaux assemblages et genres de radiolaires ordoviciens connus du Kazakhstan, contenant
également quelques données complémentaires provenant de l’Ecosse [Aitchison, 1998]. L’échelle chronostratigraphique de l’Ordovicien est celle récem-
ment adoptée par la Commission Stratigraphique Internationale et elle est corrélée avec des subdivisions proposées pour les îles britanniques [d’après
Paris and Servais, 2000].
FIG. 5. – Scanning electron micrographs of radiolaria yielded from the lower Arenigian sample 8807-A. The bar scale at the lower part of the plate corres-
ponds to 100 µm for all illustrated specimens : (a-f) Inanihella bakanasensis (NAZAROV) ; (g-m) Triplococcus acanthicus n.gen. n.sp. ; (h) holotype, (g, l)
paratypes ; (n-r) Inanihella (?) akzhala n.sp. ; (n) holotype, (o) paratype ; (s) Proventocitum sp.cf. P. procerulum NAZAROV. Proximal part is broken. Note
the two oblique lateral spines attached on the spongy body.
FIG. 5. – Photos prises au microscope électronique à balayage des radiolaires extraits de l’échantillon 8807-A de l’Arénigien inférieur. L’échelle dans la
partie inférieure de la planche correspond à 100 mm pour tous les spécimens illustrés : (a-f) Inanihella bakanasensis (NAZAROV) ; (g-m) Triplococcus
acanthicus n.gen. n.sp. ; (h) holotype, (g, l) paratypes ; (n-r) Inanihella (?) akzhala n.sp. ; (n) holotype, (o) paratype ; (s) Proventocitum sp.cf. P. proceru-
lum NAZAROV. La partie proximale est cassée. A noter les deux épines latérales obliques attachées sur le corps spongieux.
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Radiolarian assemblages yielded from radiolarites of
the Southern Uplands in Scotland were correlated with the
H. juncta - I. unica assemblage [Danelian, 1999]. The Scot-
tish material yielded numerous specimens of the recently
described species Protoceratoikiscum clarksoni DANELIAN
[Danelian and Floyd, 2001], which is probably the oldest
known species of the family Ceratoikiscidae and the oldest
known precursor of the exclusively Palaeozoic order
Albaillelaria. The absence of the genus Protoceratoikiscum
from the Middle (and Upper) Ordovician assemblages of
Kazakhstan, as reported by Nazarov and Popov [1980], is
noteworthy. We have been able to confirm this absence on
lower Llanvirnian and Llandeilian topotypic material avail-
able to us. It is not clear whether this absence reflects a par-
t i cu la r pa laeoeco log ica l p re fe rence of the genus
Protoceratoikiscum, having either a palaeobathymetric (i.e.
preference for a deep habitat in the water column), or a
palaeobiogeographic (i.e. preference for truly open ocean
water mass) significance. This genus has been only reported
so far from relatively deep sea facies, such as Caradoc car-
bonate nodules preserved in shales in Nevada [Renz, 1990],
Upper Ordovician graptolitic shales of Australia [Goto et
al., 1992] and Middle Ordovician radiolarites from China
[Li, 1995 ; Buckman and Aitchison, 2001] and Scotland
[Danelian and Floyd, 2001]. The mutual exclusion of
Protoceratoikiscum with Anakrusa-type sponge elements is
equally noteworthy and possibly of particular palaeoeco-
logical significance.
CONCLUSIONS
Radiolarian assemblages from Kazakhstan are of great
value for our current understanding of Radiolarian diversity
during the Ordovician. This is particularly true for the
Lower and Middle Ordovician, as the Lower Arenigian and
Llanvirnian assemblages from Kazakhstan (Samples
8807-A, 19 and 553-A) are the only available data for these
particular time intervals [see Noble and Danelian, 2003].
The small number of species yielded from the newly
described lower Arenigian Inanihella bakanasensis - I(?)
akzhala assemblage contrasts with the diversity of the two
Llanvirnian assemblages. As the stratigraphic level which
yielded the Haplentactinia armillata – Proventocitum pro-
cerulum assemblage in Kazakhstan is now believed to be
Lower Llanvirnian (Lower Abereiddian), rather than Upper
Arenigian, the total range of this assemblage is tentatively
regarded as Middle Arenigian – Lower Llanvirnian. Radio-
larian diversity is particularly high in the upper Llanvirnian
(Llandeilian) Haplentactinia juncta – Inanigutta unica as-
semblage of Kazakhstan. The absence of genus Protocera-
toikiscum in this well-preserved assemblage is probably due
to some particular unspecified palaeoecological preference
(i.e. deep dwelling taxon).
SYSTEMATIC PALAEONTOLOGY
All described and figured specimens are housed in the
Muséum National d’Histoire Naturelle (Paris, France) and
are catalogued with Museum numbers (MNHN).
Subclass Radiolaria Müller 1858
Family Inaniguttidae Nazarov and
Ormiston, 1984 ; emended
Type-genus : Inanigutta NAZAROV and ORMISTON, 1984
1984 : Inaniguttidae n. fam. ; Nazarov and Ormiston, p. 72, 86
1995 : Inaniguttidae Nazarov and Ormiston ; Noble and
Aitchison, p. 21.
Emendation : The family is here emended to include forms
characterised by the presence of three shells, such as the
new genus Triplococcus, and some Upper Ordovician forms
mentioned by Webby and Blom [1986].
Remarks : Nazarov and Ormiston [1984] defined a number
of genera within this family, taking into account the number
of shells (one or two) and the number and arrangement of
the primary rod-like spines (6-rayed symmetry versus nu-
merous – over six – spines arranged radially). More re-
cently, Noble and Aitchison [1995] questioned the validity
of the number of spines as a criterion to distinguish
Sphaerellarian taxa at generic level. We believe that taxo-
nomic classification of inaniguttid morphotypes could
greatly benefit from consideration of similar criteria as
those used for the systematics of the much better known
Quaternary Sphaerellarian radiolaria (i.e. genera Actinomma,
a multi-shelled form possessing numerous radially arranged
spines, and Hexacontium, a three-shelled form of six-ray
symmetry), for which taxonomic observations are based on
numerically large and well-preserved fossil material. For
example, Cortese and Bjørklund [1998] found out that al-
though the number of rays of the various species of genus
Hexacontium is usually six, some morphotypes clearly pres-
ent all characters of a certain Hexacontium species, except
for the number of their spines which might be seven or
rarely more.
Genus Inanihella NAZAROV and ORMISTON 1984
Type-species : Helioentactinia ? bakanasensis NAZAROV
[= Inanihella bakanasensis (NAZAROV)]
1984 : Inanihella n. gen. ; Nazarov and Ormiston, p. 72-73.
Inanihella bakanasensis (NAZAROV)
(fig. 5a-f)
1975 : Helioentactinia ? bakanasensis n.sp. ; Nazarov, p. 89,
pl. 19, fig. 9-13.
1980 : Helioentactinia bakanasensis NAZAROV ; Nazarov
and Popov, p. 48, text-fig. 26, pl. 16, fig. 7-8.
1993 : Inanihella bakanasensis (NAZAROV) ; Nazarov and
Ormiston, pl. 2, fig. 3.
Dimensions, based on 9 measured specimens : Ø of inner
shell : 171-275 (average 210) µm ; Ø of outer shell :
300-344 (average 320) µm.
Remarks : I. bakanasensis (NAZAROV) was originally de-
scribed by Nazarov [1975, p. 89] from the Ushkyzyl Forma-
tion of Chingiz Range in Kazakhstan, and this is the locality
where the holotype (GIN4060-5, slide 242/1) comes from.
In the original description Nazarov [1975] referred this unit
questionably to the Upper Cambrian, but soon after the dis-
covery of conodonts from these strata it was proved that the
Ushkyzyl Formation is mainly Arenigian [Zhylkaidarov,
1999], although it also includes uppermost Tremadocian
and lowermost Llanvirnian strata. In spite of the difficulty
of knowing the precise stratigraphic level of the type mate-
rial, it is very likely that it comes from an Arenigian level.
This point is of importance because the initial dimensions
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given by Nazarov [1975] (Ø inner shell : 86-131 µm ; Ø
outer shell : 115-169 µm) are smaller than the ones given in
his following works [Nazarov and Popov, 1980] (Ø inner
shell : 220-263 µm ; Ø outer shell : 292-332 µm). The di-
mensions of our material (lower Arenigian sample 8807-A)
correspond to the range given in this lat ter work.
Morphometric studies on well preserved and abundant Ho-
locene material establish that the size of the various shells
of Sphaerellarian radiolarians is of taxonomic importance
[Cortese and Bjørklund, 1997]. It might thus be possible
that two distinct species are represented (i) in the material
studied initially [Nazarov, 1975] and (ii) in the material
studied subsequently by Nazarov and Popov [1980], as well
as by ourselves. Unfortunately, Nazarov [1975] provided
only thin section photographs of his studied material and di-
rect comparison is difficult.
Material : Studied specimens come from a single sample of
a siliceous limestone bed intercalated within calcareous
turbidites at type locality 8807-A (lower Arenigian).
Inanihella (?) akzhala n.sp.
(fig. 5n-r)
Etymology : named after the Akzhal mountains of Kazakhstan,
where its type locality is situated.
Types : Holotype, fig. 5n (MNHN F62105) ; Paratype, fig. 5o
(MNHN F62106).
Diagnosis : The external shell is oval and perforated by cir-
cular pores which are surrounded by polygonal pore frames.
The shell surface is commonly covered by a thin, and often
incomplete, veneer of microcrystalline silica. Numerous
spines are arranged radially. Some of them (about 8 to 12)
are long and thick, rod-like in shape, tapering only gently
distally. The rest of the spines are shorter, thinner and taper
more rapidly distally.
Dimensions : based on 5 measured specimens. Outer shell :
Ø along the major axis : 252-282 (average 268) µm ; Ø
along the minor axis : 205-226 (average 216) µm. Inner
shell : estimated Ø along major and minor axes : 170 and
140 µm, respectively.
Remarks : Few broken specimens, characterised by the oval
shape of their shell and a number of typical inaniguttid
rod-like spines, are empty in their interior (i.e. fig. 5p). It is
currently unclear whether this morphotype possesses only
two or more shells and is only tentatively assigned to the
genus Inanihella.
Comparison : The dimension of the external shell of I.(?)
akzhala n.sp. is nearly the same as that of the external shell
of Triplococcus akanthicus n.gen., n.sp. and the inner shell
of the co-occuring Inanihella bakanasensis, from both of
which it can be distinguished by its oval rather than spheri-
cal shape. In addition, it can be distinguished from I.
bakanasensis by the presence of a number of long and thick
rod-like spines.
Material : Studied specimens come from a single sample of
a siliceous limestone bed intercalated within calcareous
turbidites at the type locality 8807-A (lower Arenigian).
Genus Triplococcus n.gen.
Type-species : Triplococcus acanthicus n.sp.
Etymology : Derived from the Greek, meaning with three
shells.
Diagnosis : Inaniguttid radiolarians consisting of three
nearly perfectly spherical shells. 5-6 primary rod-like
spines are arranged radially, which join themselves at the
central part of the skeleton. Numerous secondary spines
originating from the external surface of the inner shells are
present and taper rapidly distally.
Remarks : The lower Caradocian species Inanibigutta
pingliangensis WANG from China is tentatively included in
this genus. Although Wang [1993] regarded this species as a
two-shelled morphotype, it is obvious from his illustrated
material that there are three shells, the external shell being
only preserved as relics on the primary rod-like spines.
Triplococcus acanthicus n.sp.
(Fig. 5g-m, 6a-c)
Etymology : derived from acanthos (Greek) = spine ; mak-
ing reference to its spiny appearance, like a hedgehog.
Types : Holotype, fig. 5h (MNHN F62107) ; Paratypes, figs.
5g (MNHN F62108) and 5l (MNHN F62109).
Diagnosis : Skeleton consisting of three encapsulated and
perforated shells, five (?) primary and numerous secondary
spines. Shape of external and internal shells is almost per-
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FIG. 6. – Internal structure of Triplococcus acanthicus n.gen. n.sp., yielded from the lower Arenig Sample 8807-A. Photos (a) and (c) were taken under a
binocular microscope, using diascopic light. The bar scale corresponds to 216 µm for all figures.
FIG. 6. – Structure interne de la nouvelle espèce Triplococcus acanthicus, extraite de l’échantillon 8807-A de l’Arénigien inférieur. Les photos (a) et (b)
ont été prises sous une loupe binoculaire, à l’aide d’une lumière diascopique. L’échelle corresponds à 216 mm pour toutes les figures.
fectly spherical. Primary spines traverse all shells to join at
the central internal area of the skeleton, in a kind of node or
small microsphere. Their projection outside the external
shell is in the form of robust rod-like spines which taper
only slightly distally. Secondary spines originate at the ex-
ternal surface of the innermost shell. Their projection out-
side the external shell tapers relatively rapidly distally.
Dimensions : based on 9 measured specimens : Ø of outer
shell : 214-257 (average 231) µm ; Ø of median shell :
155-167 µm ; Ø of innermost shell : c. 100 µm.
Remarks : The primary rod-like spines are not always easily
distinguishable on the external part of the skeleton, proba-
bly because of incomplete preservation (or an early
ontogenetic stage ?). Slide preparations (using immersion
oil) did not provide any useful information under a
petrographic microscope with respect to the internal struc-
ture of this species. On the contrary, pictures of the same
slides, taken under a binocular microscope with the use of
diascopic light, provided badly focused, but informative
views of the internal structure (fig. 6).
Comparison : Although there are major structural differ-
ences (two vs three shells) which clearly distinguish T.
acanthicus from I. bakanasensis, these two distinct species
might be mistaken because of their similar external appear-
ance. However, they can be distinguished by the size of
their external shell (I. bakansensis being much larger than
T. acanthicus) and the presence of relatively robust rod-like
spines with T. acanthicus, when these are preserved/ex-
pressed on the external part of the skeleton. One especially
difficult case of comparison is to distinguish an external
she l l o f T. acan th icus f rom the inner she l l o f I .
bakanasensis, as their size is quite similar. In this case T.
acanthicus can be distinguished by the more robust appear-
ance of its shell, comprising a greater number of pores,
which are distinctly smaller than those of the inner shell of
I. bakanasensis (average pore diameter : 14 and 22 µm, re-
spectively).
Material : Studied specimens come from a single sample of
a siliceous limestone bed intercalated within calcareous
turbidites at the type locality 8807-A (lower Arenigian).
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